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The fundamental challenge in the social sciences is moving from complicated correlations to useful prediction. Progress usually reflects an interplay between theory, data, and tools. Six areas of innovation, principally data and tools, are now pushing at the frontiers of these sciences: longitudinal data, laboratory experimentation, improved statistical methods, geographic information tools, biosocial science, and international replication. These innovations are gaining power as they cross disciplinary boundaries, helping to attribute causality to observed relationships, to understand their nature, and thereby to improve the accuracy and usefulness of predictions.
T he fundamental challenge in the social sciences is moving from complicated correlations to useful prediction (1) . The variance in human behavior and social adaptations is so large that it becomes difficult to distinguish signals from noise in data, even where theory supplies clear guidance. However, new data, methodologies, and tools from both inside and outside the social sciences are demonstrating real promise in advancing these sciences from descriptive to predictive ones (2) .
Longitudinal Surveys
Longitudinal surveys, which collect information about the same persons over many years, have given the social sciences their Hubble telescope. Both allow the observing researcher to look back in time and record the antecedents of current events and transitions. These longitudinal data sets, beginning 40 years ago with the Panel Study of Income Dynamics (3), document the importance of accumulated life experience in causing transitions from health to infirmity; from work to unemployment or retirement; and across states of marriage, family structure, and wealth.
Similar longitudinal surveys in different countries are beginning to reveal the institutional and cultural variations in these life cycle dynamics (4) . A new investment in international longitudinal surveys on aging may eventually unravel the changing dynamics at the end of the life cycle across time and countries (5) . One recent comparison showed that health improved with socio-economic status in both England and the United States. It also showed, however, that English health status is better than in the United States at each socio-economic level (6) . The challenge now is to use the accumulated longitudinal data on individuals to explain these differences in health.
Laboratory Experimentation
The new field of behavioral social science integrates insights from across the social and behavioral sciences with data from the neurosciences to better understand economic, social, and political outcomes (7) . An important tool of behavioral social science is controlled laboratory experimentation, usually conducted at computers where subjects respond to specific instructions and online stimuli. Game theory, risk and decision science, and experimental social psychology have provided most of the theory and methods for this new approach (8) . The objects of inquiry span all the social sciences, including the origins and impacts of ethnic conflict (9), group and team behavior in organizations (10) , and the nature and consequences of trust and reciprocity in interpersonal and international relations. By manipulating participants' instructions, incentives, constraints, and rewards in an experimental setting, investigators can fine-tune the parameters of real-world applications. Such applications are by now diverse and their use has spread around the globe: broadband spectrum auctions (11) , tradable permits to pollute (12), airport landing rights algorithms, voucher plans for schools, and income-contingent loans for higher education. One current challenge among many is designing mechanisms to induce development and distribution of vaccines for neglected diseases that affect poor countries (13) .
More generally, research is now testing whether behavior in a controlled game indeed predicts future real-world behavior of the individuals who played the game (14) , whether such behavior corresponds to evidence from independent sample surveys, and whether field experiments outside the laboratory support the findings (15) . As Fig. 1 illustrates, better to experiment with different settings of the ''life machine'' in the laboratory before imposing them through organizations and governments on the real lives of people.
Improved Statistical Methods
The Internet provides ready and inexpensive access around the world to hundreds of thousands of potential survey respondents, many more than even the largest conventional survey can include (16) . Such respondents could also be experimental subjects, reacting to the experimental design in real time and in unprecedented numbers. These respondents could be preselected as a controlled sample, but greater potential lies in granting easy access to anyone who wants to participate, resulting in huge ''convenience samples'' that do not represent any known larger population. The challenge, to draw proper inferences to a universe larger and more interesting than just the volunteer survey respondents, has been well known for decades in the context of programand clinic-based data. What is different now is the suddenly large payoff from solving this challenge of respondent selection bias (17) . A promising approach is to reweight the data based on the known distribution of some key variables that are thought to capture the difference between Web survey respondents and the target population. The idea is that the weights used to correct for the discrepancy to the known distribution of the key variables will also remove or reduce bias for other variables in the survey (18, 19) . Another approach is to test theories on multiple independent Web samples (20) .
There is a debilitating tradeoff between the power of richly detailed data on individuals (and firms and other organizations) to test important hypotheses, on the one hand, and the possibility that such detailed information will threaten the privacy and confidentiality of the persons and organizations described in the data, on the other hand. The masking of subject iden- tity arises in many fields of science but is particularly vexing in the social sciences where available masking techniques necessarily reduce the amount of information in the data. Exactmatched data files from multiple surveys and administrative record sources are particularly valuable analytically, but also particularly at risk for disclosure. Consider, for example, matched files that contain demographic and attitudinal information from persons in surveys, economic information on these same persons from government records, and medical information from providers. When longitudinal data are so matched, the analytical payoff can be unprecedented at relatively little cost in time and money.
Some researchers now have increased access to such data through cumbersome administrative and legal arrangements, such as traveling to special protected facilities or submitting statistical software to be run in a protected facility (21, 22) . These challenges arise particularly but not exclusively with data files collected by the federal government. Statistical methods of masking subject identities while retaining sufficient information for analysis are under development (23) . Breakthroughs here will have substantial scientific payoff.
Geographic Information Tools
The context of human social interaction has always been critical for understanding social outcomes. The integration of Geographic Information Science (GIS) and Geographic Positioning Systems (GPS) with social science is beginning to socialize the pixel by providing a geographic context for social behavior (24) . These new tools provide the ability to analyze social behavior across time and geographic scales, although their adoption by social scientists has yet to approach their potential. The integration of geography and macroeconomics will allow researchers to estimate how much of the regional differences in per capita output and output per geographic area is due to countryspecific factors, such as institutional differences, and how much to other factors, such as geography (25) . This integration may eventually disentangle the explanations for why some countries and regions within countries lag economically. In addition, the global distribution of population by elevation will provide future estimates of coastal and biological hazards as well as insights into human settlement patterns (26) . Spatial integration of population change and consumption patterns may also become increasingly important in understanding environmental and climate changes (27) .
Biosocial Science
No field outside the social sciences is having as much of an impact within the field as biology. This new biosocial science may well alter understandings about sexual orientation, criminal responsibility, prospects for marriage as a social institution, and even the nature of moral obligation.
Mapping of the human genome has contributed fundamentally to understanding how the human body has evolved, how it operates, and how it malfunctions. Genomics has also provided the tools to understand important social science phenomena such as prehistoric human migrations (28) . The International Hap Map project will go much further in exploring the nature of genetic variation among human beings. This project is challenging the racial and ethnic constructs that much of social science has used from its beginnings (29) . Although determinants of human behavior are both genetic and environmental, biosocial research may also alter our understanding of their relative impacts.
Neurosocial science uses neuroimaging to study the origins and nature of economic, social, and political behavior, examining such phenomena as decision-making, empathy, and time preference. The work is mainly descriptive so far but is beginning to suggest fundamental distinctions between behaviors that have been assumed to have identical causes and characteristics. For example, two separate neural systems are involved in decisions between monetary award options, depending on time to delivery (30) . There is also evidence for a neurobiological link between the experienced displeasure of dread and subsequent decisions about unpleasant outcomes (31) .
Social scientists are also collaborating with animal behaviorists to test the species generality of hypotheses originally generated to explain human behavior. The observations that animals can count, plan ahead, and make decisions under uncertainty, and that most other primate females also live longer than males, call into question some long-standing beliefs about ''human'' behavior (32) .
Field surveys of economic, social, and health phenomena are increasingly incorporating biomarkers collected from the survey respondents, in order to study biosocial interactions in fertility, work, health, and aging (33) . Indeed, biomarkers on social surveys may well reveal more about subjects' predispositions and their ancestry than do their verbal responses on which social scientists have historically depended.
Over the past two decades, the theory of evolution has influenced parts of economics and psychology, and to a lesser extent sociology, anthropology, and political science (34, 35) . Where do our behaviors and their reflections in our organizations (including the family) come from? What constraints on our ''freedom'' do our hardwired tendencies impose? Are there cross-cultural differences? What refutable predictions does an evolutionary approach imply that can be tested against other theories? What are the practical and policy implications? These questions, largely unanswered, are fundamentally important.
International Replications
International replication of national findings is critical for distinguishing between local and universal phenomena. The recent development of internationally harmonized cross-sectional data sets has already demonstrated their potential to generate hypotheses for future research. The Demographic and Health Surveys have documented fertility declines in developing countries, but have raised major questions about why the patterns of decline vary so much (36) . The Luxembourg Income Study has shown the income vulnerability of single-parent families in developed countries but has raised questions about why some countries are so much more efficient at compensating for the vulnerability than others (37) . The World Value Survey has documented the trends toward secularism in developed countries over the past two decades, which has raised questions about why the United States is an exception (38) . Some future breakthroughs in understanding social dynamics will begin with questions raised by these kinds of cross-sectional comparisons.
Conclusions
Progress in the social sciences usually reflects an interplay between ideas, data, and tools. In our view, this interplay at the frontiers has in recent decades been driven more by new data, tools, and methods and less by theoretical advances and novel hypotheses, although in some areas these have been plentiful. Many of these innovations have gained power as they crossed disciplinary boundaries, some from outside the social sciences entirely. Those discussed here have more potential than has been realized so far to attribute causality to observed relationships, to understand their nature, and thereby to improve the accuracy and usefulness of predictions.
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Skill Formation and the Economics of Investing in Disadvantaged Children
James J. Heckman This paper summarizes evidence on the effects of early environments on child, adolescent, and adult achievement. Life cycle skill formation is a dynamic process in which early inputs strongly affect the productivity of later inputs. F our core concepts important to devising sound social policy toward early childhood have emerged from decades of independent research in economics, neuroscience, and developmental psychology (1) . First, the architecture of the brain and the process of skill formation are influenced by an interaction between genetics and individual experience. Second, the mastery of skills that are essential for economic success and the development of their underlying neural pathways follow hierarchical rules. Later attainments build on foundations that are laid down earlier. Third, cognitive, linguistic, social, and emotional competencies are interdependent; all are shaped powerfully by the experiences of the developing child; and all contribute to success in the society at large. Fourth, although adaptation continues throughout life, human abilities are formed in a predictable sequence of sensitive periods, during which the development of specific neural circuits and the behaviors they mediate are most plastic and therefore optimally receptive to environmental influences.
A landmark study concluded that Bvirtually every aspect of early human development, from the brain_s evolving circuitry to the child_s capacity for empathy, is affected by the environments and experiences that are encountered in a cumulative fashion, beginning in the prenatal period and extending throughout the early childhood years[ (2). This principle stems from two characteristics that are intrinsic to the nature of learning: (i) early learning confers value on acquired skills, which leads to self-reinforcing motivation to learn more, and (ii) early mastery of a range of cognitive, social, and emotional competencies makes learning at later ages more efficient and therefore easier and more likely to continue.
Early family environments are major predictors of cognitive and noncognitive abilities. Research has documented the early (by ages 4 to 6) emergence and persistence of gaps in cognitive and noncognitive skills (3, 4). Environments that do not stimulate the young and fail to cultivate these skills at early ages place children at an early disadvantage. Disadvantage arises more from lack of cognitive and noncognitive stimulation given to young children than simply from the lack of financial resources. This is a source of concern because family environments have deteriorated. More U.S. children are born to teenage mothers or are living in single parent homes compared with 40 years ago (5) . Disadvantage is associated with poor parenting practices and lack of positive cognitive and noncognitive stimulation. A child who falls behind may never catch up. The track records for criminal rehabilitation, adult literacy, and public job training programs for disadvantaged young adults are remarkably poor (3). Disadvantaged early enDepartment of Economics, University of Chicago, Chicago, IL 60637, USA. Department of Economics, University College Dublin, Dublin 4, Ireland. E-mail: jjh@uchicago.edu 
